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Osteoarthritis
A Continuing Challenge

KENNETH E. SACK, MD, San Francisco, California

Osteoarthritis is a disorder of cartilage that affects almost 85% of the population by age 75. A lack of
rigorous clinical and radiographic criteria for defining the disorder makes precise determination of its
prevalence impossible. The process of wear and tear explains many manifestations of osteoarthritis,
but it does not account for some of the clinical findings or the biochemical changes in osteoarthritic
cartilage. Thus, other factors such as heredity, hormones, and diet may play a role. Treatment consists
of teaching patients about their disease, alleviating pain, and preserving joint function. Nonsteroidal
anti-inflammatory drugs may be no more effective than simple analgesics in relieving the pain of this
disorder. Moreover, some nonsteroidal anti-inflammatory drugs can adversely affect cartilage metab-
olism, and most are possibly dangerous in elderly patients. Drugs that inhibit the production or activ-
ity of chondrolytic enzymes can slow the degeneration of cartilage in some animals, but their effects
on humans with osteoarthritis are unproved. The surgical repair of severely damaged joints can have

gratifying results.

(Sack KE: Osteoarthritis—A continuing challenge. West ] Med 1995; 163:579-586)

O steoarthritis is in many ways like the weather—ubig-
uitous, often unnoticed, sometimes dramatic in its
effects, and largely unexplained. To carry the analogy fur-
ther, everyone talks about osteoarthritis, but nobody
seems to be doing much about it.

The name may be a misnomer. The disorder’s primary
cause is not likely to reside in bone,* and inflammation
is not prominent in its initial stages.® Nevertheless, the
term osteoarthritis serves its purpose—it is short, physi-
cians and patients know what it means, and it has a more
benign connotation for patients than does “degenerative
joint disease.”

The prevalence of osteoarthritis in the population is
hard to determine because the disorder cannot be defined
precisely. Do all patients with joint pain and radiographic
evidence of osteophytes have osteoarthritis?** Does a
normal radiograph exclude its diagnosis in a patient
with joint pain? Can osteoarthritis be completely asymp-
tomatic?”” Are osteophytes a normal consequence of
aging? Will our ability to quantify cartilaginous loss with
magnetic resonance imaging scans alleviate or enhance
our confusion?®

Osteoarthritis rarely occurs before age 40, but by age
75, at least 85% of the population have either clinical or
radiographic evidence of the disease.” Although it occurs
more frequently and tends to affect more joints in women,
for those younger than 45, it affects both sexes equally.*
White populations from developed countries have similar
rates of osteoarthritis in the hands and the knees." By
contrast, black American women have more osteoarthritis

of the knees." Although it is relatively uncommon (less
than 5%) in the hips in Chinese" and in most black popu-
lations," its prevalence in many European communities
approaches 25%."

What Causes Osteoarthritis?

For many years, investigators have embraced the con-
cept that osteoarthritis is a disease of wear and tear. Some
of its clinical manifestations do not fit this notion, how-
ever. For instance, why do women have a propensity for
prominent bony enlargement of the distal interphalan-
geal (Heberden’s nodes) and proximal interphalangeal
(Bouchard’s nodes) joints," whereas men who do manual
labor show no such predisposition for the disease in their
hands?'*'* Why does an inflammatory form of osteoarthri-
tis tend to affect women near menopause?'® And why is
cartilage in patients with the disorder biochemically dif-
ferent from cartilage in older people without it?®

Understanding the structure and function of normal
cartilage may provide some clues to the pathogenesis of
osteoarthritis. Articular cartilage provides a low-friction
bony interface greatly capable of absorbing shock. These
functions are dependent on the composition of the carti-
lage matrix, which consists of collagen fibers (which
make up 50% of the dry weight of cartilage) intermingled
with proteoglycans—high-molecular-weight aggregates
of glycosaminoglycans (mucopolysaccharides) bound to
protein chains (Figure 1).**# From a functional stand-
point, collagen gives cartilage tensile strength and allows
it to resist shear forces occurring during motion under

From the Program in Rheumatology, University of California, San Francisco (UCSF), School of Medicine.
Reprint requests to Kenneth E. Sack, MD, Clinical Director of Medicine, UCSF, 400 Parnassus Ave, Rm A580, San Francisco, CA 94143-0326.



580 WM, December 1995—Vol 163, No. 6

Osteoarthritis—Sack

Link protein\.b

Core protein

Proteoglycan subunit —[T‘-\’\-\L\l""‘—‘
/

/

Chondroitin sulfate ——————

Keratan sulfate

Figure 1.—A schematic representation of a proteoglycan aggre-
gate is shown.

load. Collagen also constrains the negatively charged hy-
drated proteoglycans. This produces a large swelling
pressure and gives cartilage its elasticity and resistance to
compression.? Under high-load conditions, proteoglycans
release water and provide lubrication at the cartilage sur-
face (hydrostatic lubrication).””' Not surprisingly, areas
of cartilage that are subjected to heavy loads contain
greater concentrations of proteoglycans.>*

Damage to the collagen fibers or to the proteoglycan
matrix of cartilage causes a loss of its normal lubricating
and shock-absorbing functions. Unfortunately, cartilage
responds poorly to injury because of a limited blood sup-
ply and the lack of undifferentiated mesenchymal cells
capable of initiating healing. Thus, repair tends to be
spotty, and instead of containing collagen found in normal
articular cartilage, the newly formed cartilage contains
collagen characteristic of fibrocartilage.”

The cartilage in patients with osteoarthritis is not sim-
ply “old and worn out” (Table 1). Compared with normal
cartilage, aging cartilage contains less water, a higher ra-

TABLE 1.—Composition of Aging Cartilage Versus That Affected
by Osteoarthritis*

Chemical Aging Osteoarthritic
Composition Cartilage Cartilage
O v i
Glycosaminoglycans . .... Normal or slightly \
Keratan sulfate .......... T \
Chondroitin sulfate ...... u Early T, then |
Hyaluronic acid.......... T U
Proteqglycans . ... i T i
linkproteina: =& i o Fragmented Normal
v = amount decreased, T= amount increased

*Modified from Brandt and Fife.”

"Decreased extractability and normal aggregation

fincreased extractability and decreased aggregation

TABLE 2.—Cytokines in Osteoarthritis

Cytokine Effect
Interleukin (IL) T ...........

Stimulates loss of proteoglycan (PG)
from cartilage, release of proteases,
synthesis of IL-6 and type | collagen

Inhibits cell division in chondrocytes,
synthesis of type Il collagen

Suppresses synthesis of type Il colla-
gen

Interferon gamma..........

Tumor necrosis

factoralphass, &b s i Stimulates synthesis of proteases

Inhibits IL-1-induced breakdown of
cartilage and synthesis of cartilage
PG

Stimulates production of tissue inhib-
itor of metalloproteases (TIMP)

Transforming growth

factorbetadic Al iy Stimulates synthesis of collagen and

Inhibits synthesis of collagenase

Insulin-like growth factor I... A potent anabolic factor of cartilage

tio of keratan to chondroitin sulfate, and fragmented link
protein. Yet, there is no evidence that aging cartilage
is biochemically inferior to normal cartilage. Cartilage
in patients with osteoarthritis, on the other hand, contains
more water, less keratan sulfate than in normal cartilage,
and normal link protein.”® Structural changes in the
proteoglycan macromolecules are key features of osteo-
arthritis and, together with ultrastructural changes in col-
lagen fibers, cause deterioration in the function of
cartilage. The chondrocyte, previously thought to be an
inert cell, is likely an important participant in this process.
It has anabolic or catabolic functions, depending on local
events. In contrast to rheumatoid arthritis where the syn-
ovium is the primary source of proteolytic enzymes, in
osteoarthritis the chondrocyte seems to be the principal
producer of these substances.?*” Table 2 contains a partial
list of cytokines likely to be important in the pathogene-
sis of osteoarthritis.”*

Role of Trauma

Could trauma initiate these biochemical events? Al-
though loading and motion are important in preserving
normal cartilage metabolism and function,”* exerting ex-
cessive force on cartilage can have the opposite effect.**
Thus, activities such as jumping or twisting can damage
articular cartilage, and an injury that results in an unsta-
ble joint or that damages the normal cushioning struc-
tures, such as a meniscus in the knee, can render cartilage
vulnerable to stress. It has been suggested that trauma to
cartilage can be more subtle. Indeed, a subset of the nor-
mal population habitually loads their legs at heel strike
and thus may be predisposing themselves to joint dam-
age.* Having abnormally dense bone could also pre-
dispose cartilage to injury,”* but this idea has bzen
disputed.”* Finally, an intact neuromuscular system is
important in maintaining normal joint function. Although
deficits in sensory nerves are not an important cause of
osteoarthritis, abnormalities in the muscular reflex that
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normally protects the joints could increase its severity.*

In 1971 a mechanism was proposed for the occurrence
of “nodal” osteoarthritis in women." It was postulated
that the smaller surface area of the distal joints of the fin-
gers subjects these joints to greater pressures per square
inch than the more proximal joints. Furthermore, fine mo-
tor activity uses the deep flexor tendons that insert into
the distal phalanges, but these tendons are “splinted” by
the superficial tendons during power-grip activities. Thus,
knitting and sewing would likely produce more node for-
mation than hammering and sawing. It was subsequently
shown that in an industrial setting, node formation in the
fingers correlated more with repetitive, fine motor activ-
ity than with gender.'s

Role of Heredity

Early studies suggested that generalized osteoarthritis,
which typically affects the hands, knees, and spine,
occurs in two forms—one in association with Heberden’s
nodes, the other without such nodes.** Nodal os-
teoarthritis showed an inheritance pattern consistent with
an autosomal gene, dominant in females and recessive
in males.”* Non-nodal osteoarthritis showed a polygenic
inheritance.® Lacking in these studies, however, is infor-
mation regarding occupation and other physical activities
involving the hands. Current research has linked abnor-
malities in the type II procollagen gene COL2AI on
chromosome 12 with some familial forms of generalized
erosive osteoarthritis.®> Patients with these abnormalities
typically have an associated chondrodystrophy, however.
Such genetic defects do not account for most cases
of osteoarthritis.*

Role of Estrogen

The predisposition of women to severe osteoarthritis
and the tendency for the inflammatory form to occur
near menopause suggest that estrogens play a role in this
disorder.” Indeed, the articular cartilage of some animals
contains estrogen receptors.®* Whether estrogens allevi-
ate or worsen the disease in animals seems to depend
on the model being studied.®® Possibly detrimental
effects of estrogens on cartilage include suppressing
chondrocyte proliferation, suppressing proteoglycan syn-
thesis, and stimulating cytokine release from macro-
phages and chondrocytes.

Role of Diet

How might diet affect the development or severity of
osteoarthritis? Certainly obesity plays a role in the occur-
rence and progression of the disease in the knees.®*% This
could be ascribed to the mechanical effect of increased
weight, but it is hard to understand why obesity is a mod-
est predictor of osteoarthritis in the distal interphalangeal
and first carpometacarpal joints.” In some animal models,
a diet high in saturated fat increases the severity of the
disease,®” but in other studies this effect has been hard to
reproduce.” Some secondary forms of osteoarthritis have
a presumed dietary association.” Kashin-Beck disease,

for example, is a noninflammatory disorder of enchondral
bone growth endemic to eastern Siberia, northern China,
and northern Korea. Dystrophic changes in the epiphyseal
and metaphyseal areas lead to secondary degenerative
changes in peripheral joints and the spine. Proposed
causes have included infectious agents and excesses or
deficiencies of trace elements.”™

Clinical Aspects of Osteoarthritis

Osteoarthritis affects most movable joints. Pain in a
joint with movement along with articular bony enlarge-
ment are typical manifestations of, but are not specific for,
the disease. Nevertheless, certain aspects of joint involve-
ment are fairly consistent and deserve mention.

In the hands, osteoarthritis affects primarily the distal
interphalangeal, proximal interphalangeal, and first car-
pometacarpal joints (Figure 2). Deformity or a decrease
in motion of the joint occurs gradually, and deviation
tends to be in a lateral direction, unlike the vertical defor-
mity of rheumatoid arthritis. Metacarpophalangeal in-
volvement is distinctly unusual, but elderly patients with
extensive osteoarthritis of the hands occasionally have
mild swelling or subluxation of the metacarpophalangeal
Jjoints. Heavy manual labor also may cause degenerative
changes in these joints.”™

The wrists are virtually never involved, and if they are,
this should suggest another diagnosis such as rheumatoid
arthritis or pseudogout. Involvement of the first car-
pometacarpal joint, however, may give the wrist a
“squared-off” appearance (see Figure 2).

Although osteoarthritis rarely affects the elbows in the
absence of a metabolic disease or previous trauma, a sub-
set of patients may have involvement of the elbows. These
patients typically are men who have osteoarthritis in other
joints, particularly the metacarpophalangeal joints.™

Osteoarthritis frequently affects the acromioclavicular
joint. By contrast, the glenohumeral joint is not a com-
mon target. When degenerative changes occur in this
joint, patients are likely to have a severe tear in the rota-
tor cuff, allowing superior migration of the humeral

Figure 2.—Bony enlargement is seen of the distal interpha-
langeal joint of the index finger (Heberden’s node) of a patient
with osteoarthritis of the hand. The prominent first carpo-
metacarpal joint gives the hand a squared-off appearance.
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head.” Elderly women are susceptible to a destructive
arthropathy of the shoulder (“Milwaukee shoulder”), pre-
sumably mediated by apatite crystals.”™

Movable portions of the spine are susceptible to
degenerative changes. The central gelatinous portion of
the intervertebral disc (nucleus pulposus) gradually disap-
pears with aging and is essentially nonexistent after age
45.” Thus, “degeneration” of discs is a normal phenome-
non of aging. In the lower five cervical vertebrae, such
changes could place abnormal stress on the posterior
(zygoapophyseal) vertebral articulations, resulting in
joint-space narrowing, subarticular sclerosis, and osteo-
phyte formation—the hallmarks of osteoarthritis. Be-
cause the cervical spine is reputed to move about 600
times in an hour (whether awake or asleep), it is no won-
der that at any given time about 10% of the population has
a pain in the neck.® Although radiographs of the cervical
spine typically show bony abnormalities of the facet
joints and the posterolateral uncinate processes, caution
must be used in ascribing pain in the neck or radicular
symptoms to such changes.*

Osteoarthritis affects the hips (often both) more com-
monly in men than in women.® Heavy lifting might in-
crease the risk of disease in this joint.® Other possible risk
factors include leg-length discrepancy (the long leg will
be affected), acetabular dysplasia, a slipped femoral
epiphysis, and Legg-Calvé-Perthes disease. Most of the
time, however, the cause is not apparent.® Pain from
osteoarthritis in the hips typically occurs in the groin or
anterior thigh, but occasionally in the buttock or even in
the knees. Range of motion in the hip, particularly inter-
nal rotation, becomes limited. Weakness in the hip abduc-
tor muscles makes it difficult to keep the pelvis level
during walking and causes a patient to tilt toward the af-
fected side to swing the opposite leg forward (Trendelen-
burg gait).

The prevalence of osteoarthritis in the knees rises with
age.*## Although a third of people older than 65 have ra-
diographic findings in the knee consistent with the dis-
ease, only 10% of this age group has pain in the knees and
an abnormality of cartilage by visual or radiographic ex-
amination.®#* Obesity correlates strongly with os-
teoarthritis of the knees, particularly in women and in
patients with disease of both knees.* Obese patients and
those with a previous meniscectomy have more involve-
ment of the tibiofemoral than the patellofemoral compart-
ment.* Isolated patellofemoral disease is more common
in young adults, either as a result of trauma or, in women,
from recurrent patellar subluxation.®* Although habitual
physical activity of many types, including running, does
not predispose to disease in the knees,** prolonged or re-
peated kneeling and squatting appear to be risk factors.*
Characteristic physical findings include pain or crepitance
on joint motion, tenderness along the tibiofemoral or
patellofemoral articulations, and genu valgum (knock-
knee) or genu varum (bowleg) deformity.

In the absence of repetitive trauma or chronic liga-
mentous injury, osteoarthritis seldom affects the an-

TABLE 3.—Other Conditions Causing Degeneration of Cartilage*

Cause Condition

Rheumatoid arthritis
Infection

Inflammatory diseases ..........

Trauma—physical injury, obesity,
mechanical derangement,
neuropathic joint

Ischemic necrosis of bone

Physicalifactors. i aico o s

Diabetes mellitus
Acromegaly

Endocrine diseases .............

Hemochromatosis

Wilson's disease

Ochronosis

Crystalline—urate, calcium pyro-
phosphate, hydroxyapatite
arthropathy

Metabolic diseases .............

Kashin-Beck disease
Steroid injections (?)

Nutritiohal (Dl s e i

*Modified from Sack.”

kles.®*"® The first metatarsophalangeal joint, however, is
a common target. Inflammation of the bursa overlying the
medial aspect of this joint may produce a characteristic
swelling (bunion).

Looking at the pattern of osteoarthritis, the impression
is that humans may have evolved faster than their joints
could adapt.® After all, we developed an opposable
thumb, assumed an upright posture, and learned to live
well beyond our reproductive years. And we cannot re-
generate new limbs.

Variations of Osteoarthritis

A “nodal generalized” form of osteoarthritis affects
principally the distal and proximal interphalangeal and
first carpometacarpal joints of the hands, but it also in-
volves the hips, knees, metatarsophalangeal joints, and
the spinal articulations.** Joint inflammation and exag-
gerated osteophyte formation can occur. An “erosive”
type of osteoarthritis shows many features of generalized
disease, but joint inflammation and subchondral erosive
changes are more pronounced.”* Patients with this form
of the disease are typically women who have recently en-
tered menopause.®* The female predilection for nodal
generalized osteoarthritis and the reported association of
this disorder with the HLA-A1, B8 tissue type, Sjogren’s
syndrome, and thyroid disease suggest that this is an au-
toimmune disorder.*

When osteoarthritis occurs at atypical sites or is un-
usually severe, other factors may be operative (Table 3).”
As a rule, any physical, inflammatory, or metabolic insult
can predispose cartilage to further degenerative change.
Particularly noteworthy is the occurrence of severe os-
teoarthritis in association with the deposition of calcium
pyrophosphate dihydrate or apatite crystals.””

Laboratory Evaluation

Osteoarthritis causes few, if any, abnormal laboratory
values. The erythrocyte sedimentation rate is typically
normal but may show a modest increase in patients with
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inflammatory osteoarthritis. Tests for rheumatoid factor
or antinuclear antibodies are often positive in normal ag-
ing persons and therefore have little meaning when the
clinical findings suggest only osteoarthritis. Synovial
fluid obtained from joints affected by the disease typically
shows normal viscosity and few leukocytes (<2 X 10° per
liter [2,000 per mm‘]) with a normal differential count
(<0.3 [30%] polymorphonuclear cells). In rare cases,
fluid from joints that have severe degeneration of carti-
lage or an associated deposition of crystals (such as cal-
cium pyrophosphate dihydrate or apatite) will show a
higher leukocyte count.

Radiographs in patients with osteoarthritis may show
narrowing of the joint space, a marginal overgrowth of
bone (osteophytes), subchondral bony sclerosis or cyst for-
mation, or malalignment of the joint. Although these find-
ings frequently constitute criteria for the diagnosis, they do
not always correlate with clinical symptoms or with the
condition of articular cartilage on arthroscopy."*'* Some
radiographic changes, however, have prognostic impor-
tance. Thus, in hips, supralateral migration of the femoral
head may carry a worse prognosis than medial migration.'”
Magnetic resonance imaging may show degenerative
changes in cartilage when the plain radiograph does not."
Such studies are costly, however, and are useful only when
planning surgical intervention.

Treatment

Grandma Moses treated her arthritis with sweet milk
and turpentine.' The question is, can we do any better
now? If the goal is to repair damaged cartilage, the an-
swer is clearly no. If, however, the goal is to teach patients
about their disease, alleviate pain, preserve joint function,
or ultimately repair a severely damaged joint, then the an-
swer is yes.

We can now provide patients a clearer picture of their
long-term prognosis. For instance, studies show that os-
teoarthritis seldom impairs function of the hand, even if
some pain and stiffness persist."*'* Furthermore, pain in
the knees or hips may diminish as patients reach their
mid-60s, even if damage to these joints is substantial.'"'*
And never underestimate the power of reassurance. In one
study, patients who had monthly phone calls from lay per-
sonnel to discuss self-care issues had a substantial reduc-
tion of joint pain.'”

Physical modalities provide the cornerstone for man-
aging osteoarthritis. Activities that involve normal load-
ing of joints are important in maintaining healthy
cartilage.” A knowledgeable physical or occupational
therapist can teach patients how to exercise safely and
how to protect their joints while doing routine activities of
daily living. For patients with disease of the hips, the sim-
ple measure of splitting heavy loads and carrying them in
each hand, or carrying the load ipsilateral to the affected
hip, will minimize the force exerted on that joint." In os-
teoarthritis of the knees, weakness of the quadriceps mus-
cle" and obesity correlate with symptoms.”* Thus,
sensible treatment would include muscle strengthening'*
and weight reduction.'® Modifying shoes will occasion-

ally improve the mechanics in knees'* and relieve pain.
Although it is hard to prove that physical modalities alter
the course of osteoarthritis, such intervention may at least
lessen symptoms. Two recent articles review the princi-
ples of exercise for patients with osteoarthritis.**"*

The cause of pain in this disease is conjectural.'*!"
Cartilage contains no nerve fibers, and synovitis does not
always correlate with symptoms. Thus, it is no surprise
that NSAIDs may be no better than simple analgesics like
acetaminophen at relieving the pain of osteoarthritis."*'*
Some NSAIDs adversely affect proteoglycan metabolism
and could theoretically inhibit repair mechanisms in car-
tilage, but the effect of any particular NSAID on the even-
tual outcome of osteoarthritis is unknown.'?'*” Because
these drugs are relatively toxic to elderly patients—the
population at risk for having osteoarthritis—it is prudent
to use them in their lowest effective dosage and only if
they relieve symptoms more than simple analgesics.

Administering steroids intra-articularly can reduce
pain in joints affected by arthritis.'”® This would indicate
that inflammation has a role in this process, but placebo
responses could also account for some of the “successes”
of intra-articular steroid use in this disorder. Intra-
articularly or parenterally administered steroids could
affect chondrocyte metabolism and the production of
cytokines and proteolytic enzymes, but studies of the ef-
fects of such treatment on experimental osteoarthritis give
conflicting results.'”" Conceivably intra-articular steroid
use could hasten the progression of the disease, but at
least one study indicates that it takes less steroid to sup-
press chondrocyte protease synthesis than to suppress
proteoglycan synthesis."®

Chloroquine and doxycycline can inhibit the produc-
tion or activity of chondrolytic enzymes.™ Calcitonin has
anabolic effects in chondrocytes and can stimulate carti-
lage growth.” Although these substances have shown
some promise in experimental models, it remains to
be seen whether they will benefit patients with established
osteoarthritis. Unfortunately, the positive results from the
intra-articular administration of a chondroprotective agent
such as hyaluronan'"'* could not be duplicated in a recent
controlled trial."* Applied topically, capsaicin, which
depletes local sensory nerve terminals of substance P, can
reduce pain and tenderness in small joints affected by
osteoarthritis."**"* The long-term effects of such therapy
are unknown.

Most patients with osteoarthritis will never need sur-
gical treatment of their joints, but when pain is unrelent-
ing or when joint function is severely compromised, such
treatment can provide substantial benefit. The most grati-
fying results have come from remodeling or replacing a
hip or knee. Surgical therapy is rarely necessary for os-
teoarthritis of the hand, but occasionally a patient may
benefit from fusing, resecting, or replacing a joint. Simi-
lar procedures are helpful when the disease causes severe
pain or deformity in the feet.

Arthroscopic debridement—trimming meniscal frag-
ments, removing loose debris, shaving shaggy articular
surfaces—may relieve symptoms in some patients with
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disease of the knee. Abrading the articular surface does
not offer any additional benefit.'” Some investigators ad-
vocate lavaging the knee by means of an arthroscope or
cannula in an attempt to remove phlogistic debris.'*® The
long-term results of such treatment are unknown.

The Challenge

To meet the challenge of this disease, we must clarify
the factors leading to its onset and progression and devise
safe and practical methods of preserving cartilage and re-
lieving pain. The recent report that cultured autologous
chondrocytes can be used to repair deep cartilage defects
is a step in the right direction.'”
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